ABSTRACT
INTRODUCTION
Lake Biwa is the largest (surface area of 670 km 2 , average volume of 27.5 km 3 ) and the most ancient (nearly 5Ma) inland lake in Japan. The lake is located in Shiga Prefecture, Japan, which is near Kyoto and Osaka Prefectures, and is divided into two basins by the Biwako-Ohashi bridge (Fig. 1) . The outflow from Lake Biwa is the Seta River only (Fig. 1) , and the amount of discharge is well controlled by the water gate called Arai-Zeki. There are 120 rivers flowing into Lake Biwa. Because of the large freshwater body and the geographical location near Kyoto -Osaka area, Lake Biwa is one of the most important water resources for drinking, agricultural, pleasure, fishery and industrial use.
The increase of lake salinity is one of serious concerns, because a lake sustains safety water required for human being life and/or richness of biota. For example, Aral Sea in Central Asia, which is the closed inland lake and used to have the 4 th area in the world (about 100 times of Lake Biwa), is now exposed to the serious threats of loosing water body and rising salinity level. The increase of salinity was from 10 to >30 g l -1 between 1960 and 1991 in the lake (e.g., Williams 2001) , and brought serious influences such as a destruction of the birds or wildlife ecosystem, collapse of fishery, and damage of human health (Williams & Aladin 1991) . In Pyramid Lake, USA, which has 0.67 times of area and almost same volume as Lake Biwa, salinity level changed from 3.75 to 5.5 g l -1 between 1933 and 1980 (Williams 2001) .
In case of Lake Biwa, salinity level is quite lower (from 7.4 to 9.9 mg l -1 at 0.5m from lake surface and from 7.3 to 9.9 mg l -1 above the lake bottom) than those of the salt lakes mentioned above. However, it increased about 35% linearly above the lake bottom during last 20 years ( Fig. 2) even if it fluctuated from 1978 to 1980. In this paper, we reported the monthly trend of chloride ion concentrations in the North Basin of Lake Biwa. Also, we analyzed monthly change of water level, precipitation, chloride ion concentration of the South Basin and the rivers flowing into Lake Biwa with top 5 catchment areas through 20 years.
When we estimate or predict the present and/or the future lake salinity, calculation of the water budget is essential. In Lake Biwa, water outflows to Seta River, Uji hydroelectric power station and the canal of KyotoSosui, and all discharge rates are well monitored. However, the effects of the inflows to Lake Biwa are very complicated because different water flows such as rivers flowing into the lake, groundwater, agricultural or industrial drain water, or surface water due to heavy rainfall or flood containing various chemical materials, and most of them were not measured well for analysis. To understand the rising processes of the chloride ion concentration, we considered some causes, and we proposed a conceptual model approach.
In the following section, we explain the procedure of our model approach. Then, we discuss the trends of chloride ion concentration and the climate in order to clarify the processes that sustain the increase of the chloride ion concentration of Lake Biwa, and show the result of our conceptual model. All observed data were collected and arranged from "Kankyo Hakusyo" which are the environmental white papers published by Shiga Prefecture, and from "Shigaken Kisyo Geppo" which are monthly weather report papers published by Japan Weather Association. Jan-78 Jan-79 Jan-80 Jan-81 Jan-82 Jan-83 Jan-84 Jan-85 Jan-86 Jan-87 Jan-88 Jan-89 Jan-90 Jan-91 Jan-92 Jan-93 Jan-94 Jan-95 Jan-96 Jan-97 Jan-98 Jan-99 Jan-00 Jan-01
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CONCEPTUAL MODEL APPROACH
The water in Lake Biwa flows basically from the North to the South Basin. Water discharge from the lake is well controlled by the gate, but the estimation of the water budget in the lake is very difficult because of having complex sources of water inflows to the lake. Let us put the average chloride ion concentration of inflows to the lake as C R , and the total amount of inflows as Q R . Assuming that the lake volume is constant, then the dynamics of the chloride flux is represented by:
where V N and V S are the volume of the North Basin and South Basin of Lake Biwa, and C N and C S are the concentrations of chloride ion in the North Basin and South Basin of the lake, respectively. Variables Q in and Q out are the amount of flow from the North Basin to the South Basin of the lake and the discharge from the South Basin of the lake, respectively. From the observation data, we assume that the concentrations of chloride ion in the North and the South Basins change as exponential functions:
where α N , β N , α S and β S are constant, which are determined by the field data of the chloride ion concentrations. With the assumption and the above equations, the chloride flux C R Q R can be expressed by: Figure 2 shows the monthly change of chloride ion concentrations at 0.5 m depth from lake surface and 1m height above the lake bottom (over 80 m of depth from lake surface) near the deepest point in the North Basin of Lake Biwa. As seen in figure 2, trends of chloride ion concentrations near the surface and the bottom showed similar change from February 1978 to June 1985 (r 2 = 0.68, n = 2693, p <0.001). After June 1985, the difference between both concentrations expanded, and the period with big differences of the concentration became longer than that of the previous period (Fig. 3) . Similar tendency as the difference could be seen in the monthly change of water level (Fig. 4) . Water level has not fluctuated much until 1985. However, since 1985, the period of low water level has become prolonged.
RESULTS AND DISCUSSION
The concentration of chloride ion contained in the rain is almost less than 2 mg l -1 in the region of Lake Biwa (Tanaka & Ichiki 1986) . Therefore, the rain falling directly to the lake tends to dilute the chloride ion concentration in the lake. Figure 5 shows monthly precipitation at Hikone (see Fig. 1 ). In 1994, due to relatively low rainfall compared with an average year (Fig. 5) , one of the lowest water levels during the observation period was recorded (Hori et al. 1996) . From 1993 to 1995, difference of chloride concentrations between bottom and upper layers changed dramatically (Fig. 3) with the amount of rainfall. In heavy rainy year of 1993 and 1995, the chloride ion concentration at surface decreased largely, and it increased in dry year of 1994, respectively (Fig. 6a) . Similar relationship between precipitation and chloride concentration can be seen in [1987] [1988] [1989] (Fig. 6b) . Therefore, the dilution due to the rain falling directly on the lake may be one of the key factors causing great fluctuation of the chloride ion concentration in the upper layer. Figure 7 shows annual average chloride ion concentrations of the rivers with large catchment area: Yasu River with 383.8 km 2 , Ane River with 369.8 km 2 , Ado River with 306.9 km 2 , Hino River with 210.9 km 2 , Echi River with 202.8 km 2 of the catchment area, respectively (Oonishi 1986 ). These rivers are the five big rivers with large catchment area flowing into Lake Biwa, and the sum of the catchment areas of the five rivers covers about 47% of whole catchment area in Lake Biwa (Oonishi 1986) . Each average chloride ion concentration is derived by:
where C i is the chloride ion concentration, Q i is the discharge from each river, and subscript i denotes month in a year. In figure 7 , chloride concentrations of Yasu River and Hino River exceed the maximum level of Lake Biwa average data over most of the periods. This suggests that the high chloride might be supplied from two rivers. However, in order to know the contribution of each river to the chloride ion concentration level of the lake, the estimation of chloride flux is needed.
As one of the approaches to estimate chloride flux with complex input sources, we proposed conceptual model approach. Figure 8 shows annual changes of chloride flux in the inflows estimated from equation (1 and of the total chloride flux from 12 rivers flowing into Lake Biwa. In equation (1, we set the volume of the North Basin and the South Basin, V N and V S , as 27.3 km 3 and 0.2 km 3 , respectively. The outflow Qout was taken as the sum of annual water discharges from Seta River, Uji hydroelectric power station and Kyoto channel. Parameters α N , β N , α S and β S were taken as 7.6191, 0.0126, 8.2217 and 0.0131, respectively. 
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D at e M ont hl y preci pi t at i on (m m 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 Dat e Average am ount of chl ori de di scharge [ m g l These parameters were determined from a regression analysis of annual changes of the chloride ion concentration in the North and South Basin of Lake Biwa (r 2 = 0.9131 in the North Basin and 0.8737 in the South Basin of the lake, see Fig. 9 ). Calculation was started from 1978 (t = 0). Note that we assumed many parameters as constant. Therefore, this simple model is quite conceptual. In figure 8 , the sum of the annual water flux of these twelve rivers covers about 90% of reported data. Unfortunately, the data before 1984 was not sufficient to compare with chloride flux estimated from equation (1.
In figure 8 , the demand of chloride inflow to sustain the chloride ion concentration in the lake was always greater than chloride inflow from twelve rivers. Average demand of the chloride inflow during calculation period in our model was about three times of the inflow from the rivers. However, river's data reported here might be underestimated for the real water flux, because it is difficult to detect the large flux in a short-term such as flood due to heavy rain in the field. Therefore, the actual contribution of river flux may be greater than that of the river flux estimated from the measured data. Furthermore, average chloride inflow estimated by the model analysis includes the content of whole chloride inflow from the lake watershed. For example, inflow from land surface due to heavy rain and/or flood and inflow through drain water have not been evaluated. Therefore, 1978 1980 1982 1984 1986 1988 1990 1992 1994 1996 1998 this result may show underestimated flux of inflow. Such unmeasured flux may take a large contribution to the concentration of the chloride ion in the lake.
It is well known that the lake water sometimes flow from the South Basin to the North Basin in Lake Biwa, although it flows from the North Basin to the South Basin on the average. Water flow from the South Basin to the North Basin can be caused by an intrusion of density currents, and by an excess transport due to oscillation of seiche and/or internal waves (Oonishi & Imasato 1974) . Therefore, as one of the possibilities for the increase of chloride ion concentration in the North Basin, we can suggest that the water exchanges between two basins may transport the high chloride ion concentration from the South Basin (Fig. 9) to the North Basin of the lake. In case of 2001, average chloride concentration was somewhat high (about 10.2 mg l -1 ) in southern part of the North Basin, and was low (about 10.0 mg l -1 ) near the center of the North Basin (Kankyo Hakusyo 2002) . Although an estimation of the chloride transport between two basins was not treated in our model, chloride transport from the South Basin to the North Basin may be one of the possible mechanisms to maintain continuous increase of chloride ion concentration in the North Basin of the Lake Biwa.
CONCLUSIONS
Over 20 years trend of chloride ion concentration in the North Basin of Lake Biwa was reported. Its concentration level was lower than those in the so-called salt lakes, but the continuous increase of chloride ion concentration was statistically significant. On the basis of the conceptual model analysis and the several environmental data analysis, we discussed some possibilities that explain the increase of chloride concentration in Lake Biwa. We suggested that the high concentrations of chloride ion in river water might be one of the major contributions to induce the increase. Precipitation is one of the dilution factors of the chloride in the surface lake water, but it may also promote the increase of loading from the non-point sources. We showed that the inflow from the non-point sources could be also major sources to induce the increase of chloride concentration. It is very difficult to monitor the loading from non-point sources continuously, but it is really important to measure the flux from the non-point sources running into Lake Biwa.
